A Gram-staining-negative, non-spore-forming, non-gliding and rod-shaped bacterial strain KYW566
The genus Lutibacter belongs to the family Flavobacteriaceae (phylum Bacteroidetes) and currently comprises four species with validly published names: Lutibacter aestuarii , Lutibacter flavus (Choi et al., 2013) , Lutibacter litoralis (Choi & Cho, 2006) and Lutibacter maritimus (Park et al., 2010) , all isolated from tidal flat sediments of the west coast of the Korean peninsula. Lutibacter species are Gramnegative, aerobic, non-spore-forming, yellow pigmented and rod-shaped bacteria that are usually non-motile and have menaquinone-6 (MK-6) as the major respiratory quinone. Over the course of a study of the microbial diversity of Suncheon Bay, strain KYW566
T was isolated. The aim of the work was to determine the exact taxonomic position of strain KYW566
T by using a polyphasic taxonomic approach.
Strain KYW566
T was isolated from a seawater sample collected from the Suncheon Bay (34 u 509 N 127 u 319 E) located in the Republic of Korea, using the standard dilution plating technique. Isolation was achieved using marine 2216 agar (MA; Becton Dickinson) at 25 u C for 5 days. The isolates were routinely cultured on MA and maintained at -80 u C as a suspension in marine 2216 broth (MB; Becton Dickinson) containing glycerol (20 %, w/v) . Lutibacter aestuarii KCTC 23499 T , L. maritimus KCTC 22635 T (purchased from KCTC, Korea), L. litoralis JCM 13034 T (purchased from JCM, Japan) and L. flavus IMCC1507 T (provided from Professor J.-C. Cho, Inha University) were used as reference strains for phenotypic characterization and fatty acid analysis.
Bacterial DNA preparation, and PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chun & Goodfellow, 1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . Related sequences and the novel sequences were aligned by using CLUSTAL_X (Thompson et al., 1997) , and the alignment was refined using PHYDIT version 3.1 (http://plaza.snu.ac.kr/~jchun/phydit/). Phylogenetic analysis was performed by using the computer package PAUP* 4.0 (Swofford, 1998) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood Abbreviations: AL, aminolipids; APL, aminophospholipid; CMC, carboxymethylcellulose; FAME, fatty acid methyl ester; GL, glycolipids; L, lipids; MIDI, microbial identification system. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain KYW566
T is JN864028.
Two supplementary figures are available with the online version of this paper. (Felsenstein, 1993) and maximum-parsimony (Fitch, 1971) algorithms. Distance matrix of the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of the topology in the neighbourjoining phylogenetic tree was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings.
Preliminary sequence comparison with 16S rRNA gene sequences held in GenBank indicated that the novel isolate was closely related to the genus Lutibacter. The newly determined sequence (1444 nt) was aligned against representatives of the genus Lutibacter. Strain KYW566 T showed highest 16S rRNA gene sequence similarity to Lutibacter flavus IMCC1507 T (96.7 %) and other members of the genus Lutibacter (95.3-96.3 %). The neighbour-joining tree ( Fig. 1) showed that strain KYW566
T was grouped with the members of the genus Lutibacter and formed a distinct phyletic line. The topology of the other phylogenetic trees was essentially the same (data not shown). On the basis of 16S rRNA gene sequence similarity data and phylogenetic inference, it is clear that the novel isolate represents a novel genospecies within the genus Lutibacter.
As the 16S rRNA gene sequence similarities between strain KYW566
T and strains of Lutibacter species with validly published names were below the level indicative of relatedness at the species level (97 %; Tindall et al., 2010) .
Growth on various standard bacteriological media was tested by using nutrient agar (NA; Becton Dickinson), tryptic soy agar (TSA; Becton Dickinson) and R2A agar (Becton Dickinson). Cell morphology was observed by phase-contrast (TMS-F; Nikon) and scanning electron (S-4800; Hitachi) microscopy using cells of exponentially growing cultures. Gliding motility was determined by examining wet mounts of a 48 h MB culture with a phase-contrast microscopy (Bernardet et al., 2002) . Cells of strain KYW566 T and the four reference strains grown on MA at 25 u C for 3 days were used for the following physiological and biochemical tests. Growth was assessed in MB at 4 u C, 10-50 u C (at 5 u C intervals), 37 and 42 u C. Growth was assessed in MB adjusted to pH 4.0-10.0 (at 1 pH intervals) by using 100 mM acetate buffer (pH 4-5), 100 mM NaH 2 PO 4 /Na 2 HPO 4 buffer (pH 6-8) and 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 9-10) (Yumoto et al., 2004) . The requirement for NaCl (0.5 % and 1-10 %, using increments of 1 %; Sigma) and sea salts (0-12 %, using increments of 1 %; Sigma) for growth were tested using synthetic ZoBell liquid and agar medium (ZoBell, 1941 ). Anaerobic growth was tested on MA in a jar containing an AnaeroPak (Mitsubishi Gas Chemical), which works as an representatives of the family Flavobacteriaceae. Evolutionary distances, generated using the model of Jukes & Cantor (1969) are based on 1457 unambiguously aligned nucleotides. Bootstrap values ¢70 % based on 1000 resamplings are shown at nodes. Brumimicrobium glaciale ACAM 644 T (AF521195) was used as an outgroup. Closed circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-parsimony and maximum-likelihood algorithms. Bar, 0.01 substitutions per nucleotide position.
oxygen absorber and CO 2 generator, for up to 14 days at 25 u C. Acid production from glucose was tested using phenol red broth base (Becton Dickinson) with a modification that 2 % sea salts solution was used instead of distilled water. Nitrate reduction was tested in MB containing 0.2 % KNO 3 (Tindall et al., 2007) . The production of flexirubin type pigments was investigated using the KOH test following the minimal standards for the description of new taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . The presence of catalase activity was revealed by the production of oxygen bubbles by the cells when mixed with 3 % (v/v) H 2 O 2 on a slide glass. The presence of oxidase activity was determined by oxidation of a 1 % (w/v) N,N,N',N'-tetramethyl-p-phenylenediamine solution. Indole production was determined with Kovacs' indole reagent on SIM agar (Becton Dickinson) supplemented with 2 % sea salts. H 2 S production was determined on Kligler iron agar (Becton Dickinson) supplemented with 2 % sea salts. Degradation of the following macromolecules was tested on MA at 25 u C for 10 days (w/v; Sigma): agar (1.5 %), casein (0.5 % skimmed milk), carboxymethylcellulose (CMC; 0.5 %) and xylan (1 %). Degradation was revealed by the formation of clear zones around colonies either directly or after flooding with appropriate staining reagents (Teather & Wood, 1982) . Hydrolysis of the following macromolecules was tested as described by Smibert & Krieg (1994) on MA at 25 u C for 10 days (w/v; Sigma): egg yolk (5 %), starch (0.2 %), Tween 20 (1 %) and Tween 80 (1 %). Decomposition of hypoxanthine (0.5 %, Sigma), L-tyrosine (0.5 %, Sigma) and xanthine (0.5 %, Sigma) was tested on MA according to Gordon et al. (1974) . Hydrolysis of aesculin (0.1 %, w/v; Sigma), gelatin (1 %, w/v; Sigma) and urea (2 %, w/v; Sigma) was determined as described by Lányí (1987) with a modification that 2 % sea salts solution was used instead of distilled water. DNase activity was determined with DNase test agar (Becton Dickinson) supplemented with 2 % sea salts. Enzyme activities were performed using the API ZYM kits (bioMérieux) prepared according to the manufacturer's instructions except that bacterial strains were suspended in distilled water supplemented with 2 % (w/v) sea salts. Antibiotic sensitivity was determined with the disc diffusion method using commercial discs (BBL Becton Dickson) impregnated with the following antibiotics (mg per disc unless otherwise stated): amikacin (30), ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin (10 IU), polymyxin B (300 IU), streptomycin (10), tetracycline (30) and vancomycin (30). After 7 days of incubation at 25 u C on MA, the results were interpreted according to the guidelines set forth by the CLSI (2009).
Cells of strain KYW566
T were strictly aerobic, Gramreaction-negative, non-gliding and rod-shaped (see Fig. S1 available at IJSEM online). The detailed results of physiological and biochemical analyses are given in Table 1 and the species description. As shown in Table 1 several phenotypic  characteristics readily distinguished strain KYW566 T from phylogenetically related species. In particular, strain
KYW566
T does not produce acid from glucose, but it displayed agarase and b-galactosidase activity and nitrate reduction.
For cellular fatty acid analysis, strains KYW566
T and the four reference strains were grown on MA and harvested at Growth at 37 u C - . Extraction of fatty acid methyl esters and separation by GC were performed by using the Instant FAME (fatty acid methyl ester) method of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. For polar lipid and isoprenoid quinone analyses cells grown in MB for 2 days at 25 u C were harvested and freeze-dried. Polar lipids of the isolate and the type species, L. litoralis JCM13034 T , were extracted, separated by two-dimensional TLC and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Isoprenoid quinones of the isolate were extracted and purified according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1994) using an isocratic solvent system [methanol/2-butanol (2 : 1, v/v)]. The DNA G+C content of strain KYW566
T was determined in triplicate by the thermal denaturation method of Marmur & Doty (1962) .
The fatty acid profiles of strain KYW566
T are shown in Table  2 . The predominant fatty acids of strain KYW566 T (.5.0 % of total fatty acids) included branched-chain saturated fatty acid iso-C 15 : 0 (13.8 %), iso-C 16 : 0 3-OH (13.1 %), anteiso-C 15 : 0 (9.3 %), iso-C 15 : 0 3-OH (8.7 %), iso-C 15 : 1 G (6.3 %) and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c) (6.0 %). The fatty acid profile of strain KYW566 T was essentially similar to those of the Lutibacter type strains, although the proportion of summed feature 3 was higher than other species. The only isoprenoid quinone of strain KYW566 T was menaquinone 6 (MK-6; 100 %); MK-6 is the only or major respiratory quinone in all Lutibacter species and all members of the family Flavobacteriaceae (Bernardet, 2011) . The DNA G+C content is 41.6±0.8 mol% (mean±SD of three determinations) ( Table 1 ). The polar lipid profile of strain KYW566
T consisted of phosphatidylethanolamine, one unidentified aminophospholipid (APL), two unidentified aminolipids (AL1-2), two unidentified glycolipids (GL1-2) and two unidentified lipids (L1-2), but phospholipid was not detected. A similar but distinguishable polar lipid profile in terms of major components was detected in the type species Lutibacter litoralis JCM13034 T . Major amount of APL and presence of GL1-2 and AL2 in strain KYW566
T shows striking characteristics that may be useful for differentiation at the species level (see Fig. S2 ).
Based on data derived from a polyphasic taxonomic approach, it is proposed that strain KYW589
T represents a novel species belonging to the genus Lutibacter, for which the name Lutibacter agarilyticus sp. nov. is proposed.
Description of Lutibacter agarilyticus sp. nov.
Lutibacter agarilyticus [a.ga.ri.ly9ti.cus. N.L. n. agarum agaragar, algal polysaccharide; N.L. adj. lyticus -a -um (from Gr. adj. lutikos -ê-on) able to loose, able to dissolve; N.L. masc. adj. agarilyticus agar-dissolving].
Cells are Gram-staining-negative, strictly aerobic, nonmotile, rods approximately 0.3 mm in diameter and 0.9-1.5 mm in length. Colonies on MA are circular with convex, opaque with entire margins, yellow-coloured pigmented, approximately 1.0-3.0 mm in diameter after 3 days at 25 u C (pH 7). Growth occurs on MA, but not on R2A and TSA. Growth occurs with 1-4 % (w/v) sea salts (optimum, 2 %), at pH 6-10 (optimum, pH 7) and at 20-28 u C (optimum, 25 u C). Growth does not occur in ZoBell's media supplemented with NaCl (0.5-10 %) alone. Nitrate is reduced to nitrite. Indole and H 2 S are not produced. Aesculin, agar, DNA, starch and L-tyrosine are degraded, but casein, CMC, egg yolk, gelatin, hypoxanthine, Tween 20, Tween 80, urea, xanthine and xylan are not. Acid is not produced from glucose. In the API ZYM gallery, N-acetylb-glucosaminidase, acid phosphatase, alkaline phosphatase, b-galactosidase, b-glucosidase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase activities are present, but a-chymotrypsin, cysteine arylamidase, esterase (C4), esterase lipase (C8), a-fucosidase, a-galactosidase, aglucosidase, b-glucuronidase, lipase (C14), a-mannosidase, trypsin and valine arylamidase activities are absent. Cells are sensitive to (mg per disc, unless otherwise indicated): amikacin (30), chloramphenicol (30), erythromycin (15) and tetracycline (30), but resistant to ampicillin (10), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin (10 IU), polymyxin B (300 IU), streptomycin (10) and vancomycin (30). The predominant cellular fatty acids are iso-C 15 : 0 , iso-C 16 : 0 3-OH, anteiso-C 15 : 0 , iso-C 15 : 0 3-OH, iso-C 15 : 1 G and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c). The major isoprenoid quinone is MK-6. The main polar lipids are phosphatidylethanolamine, one unidentified APL, one unidentified AL and two unidentified lipids; a little amount of one unidentified AL and two unidentified GL are detected.
The type strain, KYW566 T (5KCTC 23842 T 5JCM 18281 T ), isolated from seawater collected from the South Sea, Republic of Korea. The DNA G+C content is 41.6±0.8 mol%.
